Abstract
Nrf2 siRNA knockdown

Real-time PCR
Glutathione determination
The concentration of glutathione (GSH) was determined in whole cell lysate after perchloric acid precipitation using the dithionitrobenzoic acid (DTNB) method at 412 nm (molar extinction coefficient 13,6 mmol Ϫ1 cm Ϫ1 ), as described in [16] . GSH concentrations (obtained in M) were expressed as percentage of control. (Fig. 4A) and protein (Fig. 4B) abundances, whereas the scrambled control siRNA had no effect (Fig. 4A and B) . Interestingly, the decrease in Nrf2 mRNA and protein levels caused by Nrf2 siRNA treatment was partially, but still significantly counteracted by cyclo(His-Pro) ( Fig. 4A and B) Fig. 3B ). As shown in Figure 4C , Figure 5A , different. Thus, rotenone markedly increased ROS production, whilst paraquat increased NO levels (Fig. 6B and C) . All effects caused by both toxins (rotenone and paraquat) were fully counteracted by cyclo(His-Pro) (Fig. 6B and C) . ␤-amyloid reduced bỹ 50% cell viability and GSH levels, and doubled NO and ROS production (Fig. 6D) ; cyclo(His-Pro) fully prevented the increase in NO and ROS, and partially prevented cell death and GSH depletion (Fig. 6D) .
Measurement of intracellular calcium level
Protein determination
Protein concentration was measured by BioRad Assay kit (Bio-Rad Lab).
Statistical analysis
H2O2 slightly, but not significantly, increased the relative abundance of phospho-p-38 MAPK versus total-p-38 MAPK. Phosphorylation of p-38 MAPK was, however, significantly increased by cyclo(His-Pro), an effect that was abolished by p-38 MAPK inhibition (Fig. 5A). We next assessed whether p-38 MAPK is a factor involved in cyclo(His-Pro)-induced Nrf2 activation. As shown in Figure 5B, p-38 MAPK inhibition significantly decreased Nrf2 protein abundance in the nucleus, as well as the mRNA levels of every analysed gene, except NOS isoforms (Fig. 5C). Thus, p-38 MAPK inhibition increased the expression of both nNOS and iNOS (Fig. 5C). The relative changes in gene expression under all the experimental conditions used are summarized in
Discussion
Here we show that the cyclic dipeptide cyclo(His-Pro) provides cytoprotection in PC12 cells through a mechanism involving nuclear accumulation and activation of Nrf2. This confirms and provides a mechanistic explanation for the previous observations reporting protection by cyclo(His-Pro) both in cultured cells and in vivo [1, 4, 5] [25, 31] . NAD(P)H:quinone oxidoreductase 1 (NQO1) inhibition by NO has been shown to be synergistic with glutathione deficiency [32] and the activity of ␣-ketoglutarate dehydrogenase, the enzyme responsible for NADH supply to complex I, is inhibited by H2O2 [33, 34] [14] . Phase II enzymes are transcriptionally regulated in a coordinated fashion through the cis-acting enhancer sequence ARE [7, 14, 21] . Here 
